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STUDY RESULTS - PART II 


1.0 INTRODUCTION 

Technology payoffs of representative ground based Mid L/D 
AOTVs have been assessed and prioritized in Phase I of this 
study. These results have been summarized in Part I of this 
final report. Phase II of this study was directed towards 
identification and priorization of technology payoffs of 
representative space based Mid L/D AOTVs and the cryofueled 
propulsion subsystem - configuration interactions. 

Part II of this volume contains a'complete compilation of 
the results from Phase II of this study. The compilation format 
for this volume is charts/figures and facing page text (Kent 
format). 
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0 PROPULSION SUBSYSTEM 



Summary of Phase I Ground Based AOTV Results 








The first phase of this program focused on a ground based AOTV and was 
completed in September 1983. The second phase program was directed toward a 
space based AOTV and the cryofueled propulsion subsystem-configuration 
interactions and was completed in March of 1985. Major milestones are 




RE ENTRY SYSTEMS MID L/D AOTV SYSTEM TECHNOLOGY SCHEDULE 
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PHASE II EMPHASIS 

PLUS EVALUATE PROPULSIVE SUBSYSTEM - CONFIGURATION INTERACTIONS 
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The advanced technology areas identified in Phase I of this study which 
offer significant benefit to ground based AOTV are listed. 
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AOTV dry weight also has a substantial effect on the payload delivery 
capability. The combined effects of AOTV hypersonic L/D and dry weight are 
summarized in the figures for the polar and GEO delivery missions for 
state-of-the-art and growth technology vehicles. 
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STATISTICAL APPROACH 



ADVANCED EXPANDER CYCLE, ISP ~ 480 SEC 






At conferences and meetings which occurred during the Phase I AOTV 
studies, significant differences of opinion arose among members of the 
engineering community on the subject of man rating an OTV and the minimum 
number of engines required for a man rated OTV. The position of this study 
team on some of these issues is summarized in the figure. 
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RE-ENTRY SYSTEMS GROUND BASED 

OPERATIONS MID L/D AOTV TECHNOLOGY PRIORITIES 



♦PHASE II RESULTS INDICATE THAT STORABLE PROPELLANT ENGINES 
MAY BE MORE ATTRACTIVE 








Technology Analysis are listed. 
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2.2 Summary of Phase II Space Based AOTV Results 

The second phase of this program focused on a space based AOTV and the 
cryofueled propulsion subsystem-configuration interactions. This phase was 
completed in March 1985. Major milestones are illustrated. 
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CONFIGURATION OPPORTUNITIES UNIQUE TO SPACE BASING 






The major conclusions from Phase II of this study are enumerated. 
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MAJOR PHASE II SPACE BASED MID L/D STUDY CONCLUSIONS 
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PHASE II STUDY RESULTS 
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AOTV GENERAL MISSION MODEL DEFINITION 





Operating scenarios were established for the several reference 
missions and AV budgets determined for use in the performance computations. 

GEO delivery was examined in two modes. In a single stage mode 
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Figure 13 Operating Scenario for AOTV-GEO Missions 
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In the Phase I Ground Based portion of this study, it was assumed that 
great flexibility existed on launch time so that there was only a small V 
budget for phasing. In this Space Based portion (Phae II), however, it is 
seen that lengthy departure delays are required due to the nodal regression 
rate differences unless a much larger A V budget is provided. 
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TOTAL PROPELLANT REQUIREMENT FOR SEVERAL MID L/D AOTV 

GEO DELIVERY MISSIONS 



DELIVERED GEO PAYLOAD - 






Specific characteristics of the space based mid L/D AOTVs that were 
compared in the previous figure, are summarized in the following table. 
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SPACE BASED MID L/D AOTVs USING CRYOGENIC PROPELLANTS 
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EFFECT OF DELIVERED PAYLOAD MASS ON SPECIFIC PROPELLANT 
TRANSPORT COST FOR THREE OPERATIONAL METHODS 




GEO PAYLOAD 



It is instructive to compare the mid L/D AOTV vehicles to all 
ropulsive vehicles. All propulsive stages have been created by removing the 
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clear advantage over single stage operation; and use of a stripped manne 
vehicle off-loaded for GEO delivery incurs substantial penalty. 






SPACE BASED CRYOGENIC PROPELLANT TRANSPORT COSTS 
FOR REUSABLE OTV GEO DELIVERY 



tS ' 1S03 XUOdSNMU INVUSdOUd 1V101 


ope 


It or SIRIPPEOMANNED VEHICLE OEFLOAOED FOR GEO DELIVERY INCURS SUBSTANTIAL PENALTY 










X 

c 

m 

X 

c 

X T3 

c <u 

X 0) 

a> u 

O AJ • X 

a> a> 

u > m 

X X 

0) c m H w 

X 

u o 04 O AJ 


(U *H <0 *H g 0) 

> *D 4 J-H (U 3 

<0 W U > rH 

X rH 0) 3 

<0 CPTJ W Ul-H 

CJ ^ (fl O OH 

rH a> -u u u o a> 

x > c -u a n 

(0 fl) (tj C u o (0 

4-> W1 > -H <D U 

TD CP 0*^3 

a> 4-1 m jj u c 

X O m m «H m 

X +J£HH 
<D U) 4J (0 0) 

G CP O <0 T3 
•h m U G C<0 
X O i/l fl 6 
f O C <D *h Q> 

Q) rn W X TJ C C 
4-> > a) m -h -h a; 
m T3 X u > a; 

u m E-» *h O 0 ) x 

X T3 ^ C 

V) X G Di-H d) 

P U) • *H CP > 

rH o >1 a> c m 
h u tpu c oj: 

■h o m -h 

rH rH <U O' >1 1/1 

W rtj OH C OiC o 

X X C O 0> O O °° 

w c x h«i 

o <d u <U >1 o *H 

U g 0 ) x cp c u 
a> x x o x m 

4-> U H u a 

U UTD fl) O <D S 

o c <u x c x o 
a*H u o x a 

W C2 UT3 
c a> m a) <d o> 

mx > 4J u c 

u 4-1 T3 • C *H 

x m a> x m x 
<d h c > w 

4-> C H <D HD <D 

c *h o m h m u 

mg h u a> 

H U4J p C AJ 

rH <u w a> o m c 

<y x -h x -H 

a) w x m x 
om w oh 
u m c o a> 

a o OH4J c x 

X H OX 

a> <D T3 X -h o 
£-0 «J fl) U14J 

H a> N -H O W 
4J <W «H W 3 3 

m O H to no o 

G m m o h 

rH W g O X <1) 

m a> g h x g 

> w p v c p 

<d p w m -H 2 



SPACE BASED MID L/D AOTV SYSTEM PAYOFF 
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MID L/D AOTV CONFIGURATION SELECTION LOGIC 
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The modular configurations (4) and (10) were selected for the GEO 
delivery and manned round trip missions. Simultaneously with this selection 
process, aerodynamic characteristics were generated for short and long mid L/D 
AOTVs. The configurations selected were (1) and (7). The configurations were 
geometrically modified slightly to reduce the number of cases to be run. 
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AERODYNAMIC CHARACTERISTICS OF DELIVERY AND ROUND TRIP VEHICLES 








With the increased SDI activity, it would appear that projected 
missions exist that may justify, on the basis of cost, a program unique AOTV. 
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SPACE BASED OH-3: LARGE 
HYDRAZINE DELIVERY TO GEO 




PO 

o> 


(X10I0-90I I fBA 




TJ 




(0 


U 


O 

<0 

<U 


»—1 


44 


>i 

42 rH 

c 


(0 

0) 44 (0 

<D 


C4«H 

C r-4 -w c 


• 

00 

»-• a) vi 

4J 

0 

>100 

3 *r4 0) 

in o 

w 

> 

X) 44 4J - 4-4 

•h c 

3 


<0 II H H W X £ 

0) 0)(UPH(U4JH(D 

JC>0)CQSO) r-» u 

/itP >0) CP--» 3 

w^-h c <u x: c £ -u 

•H — U <D *H 4J-H 3 
X <1) •—t T3 >1> 44 

-M in cu.-* a> rH cr»«—i H 
a> < c (0 c m-i o u 

c W 0 ) **H *H *H <o 

•HUJHC(fl^W>i 44 
OCTmtSjJCOjQO) 
m r-4 C > -Q 0) a 42 TJ 

I *w O 3 WT3+J a 

as >1 w o o 1 —* <d c 

O 4-> 44 >i <D 73 > <D -H 

•H «■* *—t 01 (U U (tj 

MW >44 <D **H C 4J *H G4-> 

O(042>inoo42-w<u 
u cr»-w <o u c o co u 

in ovw 4J (D c (0 

U <D «r4 -H - 0) 

•w id £ in in wa> * jQ 

4->C7^XC*HOOX3(l) 

in u 4-) a) 4J 73 C 

•Hroinwc ^ c o (0 
UH 3 c O WT3 <0 B u 

Q) 4 .H -H Cl (0 U 

4-j >1 jz in in o (Dd) 

OU4-»Q)ininrH4J>U 2" 

f0iuw.wo>itn*H3 ^ 

>4>>(OaH(0(0«4J 

<0 O 0<«H iH U 

X 44 H > C >1 3 3 

U (Q 6h u 4J C in CU w 

42 in o 3 -H -H -H O 4J 

W 44 -r4 < 43 > 42 W lfl 

in 42 <n a) h a 

A qj 4JT3 o u in tj 

6 44 C <D O' (TJ I-HC 

O 42 <0 0> CD * «-» (TJ 

T) 2 +J -H (D U (fl (Q 

C -w 73 w (j O Cl) W 

<0 £<C<D3CWC-* 

• O 0*73 -H 3 (0 C 

0 CT3H <D 4J (TJ 

U^0)>i<UW4JUC4J 
C O 4J (OH C 3 -H 

(TJ 42 (TJ Q* 0*73 (TJ u d) 

B W-H *HH UiJ G X 

u uin4-»3*Hin04-> 

O in O -H I-H O 4-1 -H 

4-i-winx:3cj-winin * 
w in 4-> 6 c in in a) 

<l) (D rO W O' 3 h U 

CliTD (AiOCHUgd) 

o a> < w in 4J x 

a> g u - 3 4-> a 

42 10 C X) CP 73 C « 

H >i • O C C <D O 

U^C-H<J).W(03g 

0) U O 4J (U 4J CT4J 

> 0) *w (0 ch^h in a) m 

•H (/} in *H -H 3 ^ u 

«-H\tn73*-iinc4-i(u 
a)4-»-H(oa)(D(OCJ2 
73 4-1 6 U aU4J-H4J 






o 

UJ 

C/5 


00 r-> 

00 ° 


UJ 

Z 

N 

< 

QC 

D 

> _ 

X LU 

a 

< 

CD *“ 

co 

CO t- 
CO * 


O 

f I I 


CD 


2 o 

I > 

cm r 


00 CO 
ft CO 


» > 
§ cc 
cr 

X 


o 


> 

H 


> 

< 

cc o 

CO O 1X1 
w W CO 


m 

ii 

O 

UJ 

CC 

< 

3 


o o 

UJ UJ 
CO CO 


H H 


o 

_ CD 
O 00 
CNI 00 


II 


UJ <S 

o 

lO 

ii 

^ -T" 

11 > > > 

CL < < < 

CO H H 


O O 
O O 
O CM 
CD ID 

II II 


<3 <3 



a 


UJ 


CO 

s 

H 


LL 

A\ 

O 

o 

D 

ID 

/-«« 

ti 

UJ 

cr 


Q 

£ 

j 



LU 

o 


DC 

o 

LI- 

DC 

LU 

Ql 


> 

CD 

CD 

CD 

CD 

CD 

CD 

CD 



CD 

cc 

-1 

-J 

-J 

-J 

-J 

-J 

J 

___ J—l _ _ J __ 


-J 


o 

O 

O 

o 

O 

O 

O 

o o o 

o 

O 

UJ 

o 


o 

o oo 

o 

LD 

CO 

O) CO CD 

LD 

CD 

<d 


CO 


o 


CM 

id 



> 

ID* 


id' 




cm' 

aT C 


aT 


CD 

o 

ID 




CO 

CM 


o 

Ij 


H 

Q. 






C co 

-J 



LU 


D 






D 



D 




LU 




2 co 






D 

n CD 

L- 



C/5 UJ 




CD 

< 

k 

a 

o 


CO 

< 


UJ 

cr 

UJ 

> 

-J 

UJ 

D 

a 

< 

o 

-J 

> 

< 

CL 


UJ 

Z 

cr 

D 

H 

UJ 

CC 

a 

< 

o 

_i 

> 

< 

CL 


W CD 

CM UJ 

r S 

* > 
z cr 
< o 


o. 

O 

cr 

o 


> 

H 

O 

< 


> 

cr 

h 

z 

UJ 


< 

> 

H 

o 

< 


UJ co 

cr w 
*2 


< 

z 

£T 

UJ 


I- 

z 

< 


UJ 

Q. 

O 

CC 

o. 


0/5 

O! UJ H 

-J > ? 2 
CQ (E 2 — 
<uij > 

SS£ 1 

l-<Z* 

QOCOQ- 


5 

O 

_i 

u 




I 

t 


i 


LO 

o> 


V83-2102 005G 





T3 

0) O O <0 

<0 O WO 

£ m <u O »-h 

-X! I >1 

t/) m 4-i c (0 <u 

j* m TJ O D< JZ 

C — T3 <0 C TJ 4J 
<T3 CO <U 0) 

iJT3(OHOrC^ 

<D >,4J 4-> -H O 

Ou w = <3 44 

0^0 Vj 4-> 

u C W W OX1T3 

'0000)^4400) 

03 s .C G T3 

0) *H 4-t (0 T3 * G 
0**0 0) 4-> 0) > <—I 

U C 44 TJ ^ CJ 

*0 >1-4 O 0 ) 0 ) VI c 

r-4 i-4 t—K O'* 0) ‘H 

03 03 U C C 

>i D H (D (0 O C 

U O 4J H > -H 0) 

0) *H CJ rt3 /I4J (U 

d) 4-) -H U C 

0) U U 4-4 0) »—♦ **4 03 

03Q40) 03>(O.QfO 

o) >a) 4J ex 

x: 0 ) x: o o 

4-) O 0) 03 4J 4-) U * 

C£ > 

£ (0 4) O ^ <U<H 

4J S rH JC O 

•M U 44 r4 4J 4-> < 

> O O <0 D 

44 JD 03 C 0) 

m u C 0 ) ^ -rH O X2 

I 0) O > 4-> 

3 * CU’W u no s 4 J 

o 4-» C I >1 (0 u 
>1 U O 52 4J C O 

44 U 0) O -rl 44 
O 0) 0) 0) U4J 

> U x: rH O 0 ) >1 

<D ••H ID Hrlr) 0)«-H 
CJ <—I 4-> (0 (D T3 I-H 

C 0) C 6 > 03 , 

<0 *0 -f« • 03 03 CJ 

g = TJ *H • 

UOO)CO)CO-HSC 

o w x: ^ x: o a o 

4404) P4)H O C-H 

»-i CQ >i4-> >1 0) 

0) d) 4-> 44 fO *TD 0) 

QiX2 ro 0) O OU C O *H 

H 0) -H u g 

>1 CO*>iCOMD 
U £ -H 4-> -4 -4 <3 0) 

a* • o u -w u x: 

> T3 X2 0) rH 0) OT34J 

■H <D W P4 -rl CP C 
rH N XJ C 03 <3 M4 

(D ‘H (0 D (0 (0 4J O 
*0 rH **4 rH Qi-C ‘H >1 

(0 O' <0 CJ H4J 

0) U — c u = 60)^ 

G a) o -h o > <3 

Eh C W CO >1 u -u a 
<D o = U • 44 03 
U> <DW rH G 

O (D >4) O 3 ^ 
c 4J > *H **-4 CT* CU 3 
Q) UHX O 4J 
0).O3<DUOua> 
j3h 0*0 04) 


lO 

cn 






CHANGE IN PAYLOAD VELOCITY: AV(FT/SEC x 10"») 






The evolution from a payload delivery mission model to a payload 
delivery/manned service mission model can be accommodated by the approach 
shown on the facing page. 
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The subsystem weight breakdown of the OH—2M is shown. 
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CONTRACTOR PROGRAM COSTS (’84$): OH-2M 
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AUSTERE 5 PERSON TRANSPORT CAPSULE 
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The installation of a 6 person transport capsule within H-1M is shown. 
This larger capsule leaves 3 feet of open space within H-1M for the addition 
of 3200 pounds of cargo while delivering 6 persons to GEO. 




H-1M: 6 PERSON TRANSPORT TO GEO 
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AUSTERE 6 PERSON TRANSPORT CAPSULE 



NO FOODSERVICE 
NO BATHROOM FACILITIES 




A weight breakdown for the 5 and 6 person austere transport capsule 
shown. The 420 pound difference between the two capsules results from the 
additional person, and his supplies, and the enlarged structure necessary 
enclose a larger volume. These capsule weights are slightly less (6%) tha 
the Bare Bones capsule weights reported in Phase I of this study. 
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SUMMARY OF EVOLUTIONARY 
CAPABILITIES 
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The 2-N.-0./MMH as a delivery vehicle is illustrated. The propulsion 
avionics module has been coupled with the flaps module to create a large 
capacity vehicle. The vehicle's nose deploys open and the engines are 
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- N2O4/MMH delivery vehicle 
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2 M - N2O4/MMH MANNED VEHICLE 



PARTLY DEPLOYED 
CREW CAPSULE 
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- N2O4/MMH MODULAR COMPONENTS 
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- N2O4/MMH delivery vehicle 
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The 4M-L0«/LH« with the nose deployed to a satellite servicing position 
is illustrated. ^The^engines are shown in their deployed firing position. 
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The conclusions we have reached from studying our modular vehicle 
concepts are summarized. 
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SPACE BASED VEHICLES ARE OPTIMIZED FOR MINIMUM WEIGHT 
GROUND BASED VEHICLES ARE OPTIMIZED FOR MINIMUM LENGTH 
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n 2°4 /mmh offers many advantages over the other propellants we have 
studied. This propellant is space storable, familiar, common to the OMV, 
has an engine development program well underway. 
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MANIFESTING METHODOLOGY: MISSION MODEL 
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GOOD FIT" INITIAL CONDITIONS FOR 
THIS STUDY (cont) 
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STUDY RESULTS: LARGE vs SMALL OTV 
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IF EXTERNAL TANKS MUST BE DROP TANKS, LARGE VEHICLE SAVES ~ $210M OVER 6 
YEARS 
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Current NASA studies also include AOTVs in the L/D range of 0 to 0.75. 
Candidate configurations include several that employ a fabric surface and one 
that is inflatible, a ballute. We have performed a cursory review of these 
configurations and have listed here some of the main aerothermodynamic issues 
that we feel need increased attention. 
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WE SOLVED PROBLEM FOR NON-REUSABLE SYSTEM BY SEALING 
CLOTH WITH RTV 560 - UNACCEPTABLY HEAVY 
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analysis/planning and the desirability of a flight test experiment. 
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3.3 Propulsion S/S 

3.3.1 Mid L/D Base Flow Wake Closure and Separted Flow Heat Transfer 

Engine choices being considered for the Mid L/D AOTV range from 
large 15 to 20K lbs thrust engine to six small 2500 to 4000 lb engines, 
the engine nozzle(s) is allowed to extend beyond the end of the vehicle 
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Prior to selecting a narrow class of biconic mid L/D AOTVs, estimates 
were made of the impact of direct flow impingement on engine nozzles 
protruding from the AOTV aft end. Results are outlined in the Figure. 
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Prior to selecting a narrow class of biconic mid L/DC AOTVs, estimates 
were made of the wake flow expansion angles for a range of AOTVs using an 
assumed specific heat ratio of V = 1.4, and the procedure outlineHon Page . 
Results are summarized on the following page. 
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Conclusions drawn from review of the results summarized on the previous 
page are listed. 
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SUBSTANTIAL UNCERTAINTY EXISTS RE PREDICTING £ & A £ AND UNCERTAINTY IS 

GREATER AT HIGHER ALTITUDES (LOCAL BL EDGE CONDS) 



CALIBRATION OF METHODOLOGY 
LOW REYS 5 HIGH TESTS 



The second part of AOTV hypersonic separated base flow computations 
involves prediction of the heat transfer to a vehicle with a flat base, then 
with engine nozzle extended into the separated flow region, and finally with 
body trim flap present. 
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ESTABLISHED METHODS USED TO PREDICT SEPARATED FLOW CONVECTIVE HEAT TRANSFER TO 
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(AdCCKl CORRELATION PREDICTION 





The complex geometrical relationship of body flap induced heat transfer 
amplification on the SSMEs due to shock impingement is illustrated for the 
Space Shuttle Orbiter. 
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The analysis of the retractable Rocketdyne 7.5K nozzle showed that the 
stresses in this larger nozzle are even smaller than in the Aerojet nozzle. 
The Rocketdyne nozzle should also be compatible with multiple reuse in a 
ground based/shuttle launched operation scenario. 
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RESULTS OF ANALYSIS OF ROCKETDYNE 7.5k 
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Redundancy considerations degrade vehicle performance through the 
addition of weight and/or the decrease in subsystem performance. In the H-lM 
vehicle, the reliability requirement of fail safe/fail safe necessitates the 
addition of components to the six fixed engine configuration. Operational 
conditions on the vehicle, such as a center of mass offset, also degrade 
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H-1M PROPULSION CONSIDERATIONS 
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The facing page lists the engine failure cases studied in the analysis. 
These conditions represent all the possible engine failure cases within the 
realm of the selected fail safe/fail safe design criteria. 
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IMPLICATIONS OF H-1M ENGINE FAILURES 
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TWO ENGINE OUT OPERATION OF H-1M (CONT) 
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BALANCE THRUST/CM OFFSET 
WITH MOVABLE MASS? 
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RESOLUTION AWAITS TRADEOFF BETWEEN 
FLAPS, ACS & MOVING MASS 
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SHUT DOWN ENGINES 





A third method of correcting for thrust vector/CM misalignment under 
two adjacent engine out conditions in the H-1M vehicle is the use of Y-Z plane 
thrusters during the main propulsion burns. The Y and Z plane thrusters are 
used for moment compensation. The weight penalty at liftoff for availability 
of this operational mode is 590 lbm. This represents the weight of the 
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RADIAL ACS vs THRUST PITCHING MOMENT 
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The hinged engine concept on the H-lM vehicle was found to be the most 
attractive method of providing fail safe/fail safe operation of the engine 
subsystem. Because the hinge angles required for thrust vector alignment 
under all two engine out conditions are small, the engine location remains 
unchanged from the six fixed engine H-lM and maintains the packaging 
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The table on the facing page presents calculated values for the 
parameters considered in this tradeoff study. All configurations, with the 
exception of the baseline 6 fixed engines, meet the fail safe/fail safe 
criteria. 
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RESIDUAL PROPELLANT & PROPULSION 

SYSTEM TRADE 



CONFIGURATION DOES NOT MEET FAILSAFE / FAILSAFE CRITERIA FOR ALL CM POSSIBILITIES 





























































The facing page defines the pertinent subsystem weights (in pounds) of 
the three cases considered in this study: A, B and C. In the upper table. 
Case A uses the values for change in AOTV aeroshell weight which were obtained 
in Phase I of this study. Case B defines an AOTV with an exposed nozzle 
durina fliaht. It assumes the AOTV aeroshell weight is independent of the 
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ENGINE NUMBER WEIGHT TRADE RESULTS 
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The major conclusions we derived from our generic propulsion system 
trade are listed on the facing page. 
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SUMMARY OF GENERIC PROPULSION TRADE 
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FLIGHT TEST DATA REQUIRED BEFORE THIS DESIGN TECHNIQUE 
CAN BE USED , 
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ENGINE NUMBER VEHICLE WEIGHT 

TRADE RESULTS 

TRADE PERFORMED FOR 15’ DIA LOj/LHg OTV WITH SPHERICAL REAR OXIDIZER TANK & 15000 lb, TOTAL 




c. 

<w 

C J 


a 

a 

m 


LOWEST WEIGHT 















































A tradeoff study was performed to determine the optimum thrust level 
for an LOj/Ltt* advanced engine small cargo carrying AOTV. The reference 
mission chosen was a 13,200 lb usable payload placement in GEO by perigee kick 
mode with a single perigee burn. Performance, size and weight data for the 
engines were provided by Aerojet. The same thermodynamic cycle was assumed 
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The characteristics of solid metastable helium, a possible material 
which has been considered for uses as an explosive and/or as a high energy 
propellant is outlined. At this time there are at least two unknowns which 
present serious consideration of MSH as a propellant for an advanced AOTV. 
These are: 
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The facing figure illustrates the data used in evaluating alternate 
propellant choices of L0 2 /LH 2 . The bottom graph of the figure presents both 
the specific impulse and propellant combination density at the I optimized 
mass ratio. The upper table lists two figures of merit for the ranking of 
propellant combinations. The specific impulse measures the impulse received 
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Some of the chemical, physical, and thermal properties of 
tetraflurohydrazine are listed in the figure. A summary of a material 
compatiblity study performed by Aerojet is also shown. 
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PROPERTIES OF TETRAFLUOROHYDRAZINE materials compatibility information 
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onset of turbulent flow would result In increased local heat transfer by about 
a factor of five, it appears oandatory to design the AOTV and oisslon scenario 
to maintain laninar flow. This will Insure alaiaum weight end asxlaua 
ceussble service life from the thermal protection system. 







See discussion on previous page. 
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Local hypersonic heat transfer to a fully catalytic surface at several 
angles of attack (Q(J has been computed employing the 3D viscous boundary Q 
layer code (3VFF). Axial distributions along the windward meridian at Oi - 15 
for several missions are illustrated. The circumferential distribution at the 
end of the aft frustum is also illustrated. Note from the wide differences of 
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Using the heat transfer distributions described on the previous page 
and the parametric trajectory results previously reported, local maximum heat 
transfer rate distributions for the windward meridian have been generated for 
several AOTV missions for a fully catalytic surface. If a high temperature 
coating could be developed that exhibited a totally non-catalytic surface, it 
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UTILITY OF HEAT PIPES FOR MID L/D AOTV 
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* SOLVED FOR STRUCTURE LOADING AT TWO STATIONS 

• COMPARED STRUCTURE MASSES TO WITHSTAND LOADINGS 



In the analysis of the ground based case the load factors were applied 
to the vehicle masses and reacted by the Orbiters "five point" suspension 
system as used by NASA. Overall shears, moments and end load diagrams are 
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For shell analysis a load summary was made at the two stations of the 
AOTV where the bending moment was maximum; Section A-A at the forward Orbiter 
support and Section B-B at the aft support. The shear load is carried in the 
shell skin. The moment and end loads are combined to give tension/compression 
desiqn loads for the shell in pounds per inch of shell periphery. For the 
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For the shell structure that withstands moment and end loads a ratioing 
of the unit loads is used, ie., for section A-A the ratio is SB Unit End 
Load/GB Unit End Load (49.5/18.5 - 0.27). However, the shell must support the 
TPS, maintain contour for air loads and provide micrometeorite protection so a 
shell and frame mass reduction ratio for the SB AOTV compared to the GB AOTV 
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SPACE VS GROUND BASED SUBSYSTEM MASS REQUIREMENTS 
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While considering the implications of basing an AOTV at Space Station, 
a major concern that surfaced was the ability of Space Station personnel to 
adequately inspect an AOTV both after a flight and prior to a flight, so that 
the structural integrity of the AOTV can be assured before the start of a 
mission. To deal with this issue, we have offered the positive assessment 
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SOME SPACE BASING IMPLICATIONS 
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The feeing page outlines some of the characteristics of an acoustic 
emission (AE) system for use in a biconic AOTV. The system is composed of an 
array of lightweight sensors, located at known places on selected structural 
members. By mathematically manipulating the signals received from several 
sensors (i.e., triangulation), a zone which contains a damaged member is 
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IMPACT DAMAGE DETECTION USING 
ACOUSTIC EMISSION (AE) 
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The Figure highlights some current usage of AE technology in the 
aerospace field. Flying AE systems are in use in Canada and Australia. At 
Grumman, we have used AE in static tests- on aluminum and composite structures. 
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PRESENT IN-FLIGHT SYSTEMS IN AIRCRAFT 
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NEW TECHNOLOGY NEEDED FOR IMPACT 
DAMAGE DETECTION 
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In general, auxiliary external main propulsion tankage has 
applicability to any AOTV. For biconics, it allows a significant increase in 
mission capability even though the normal AOTV tanks are confined within the 
fixed envelope of the aeroshell. Auxiliary external tankage can be used in 
one of two ways: 
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LOW-COST DISPOSABLE TANKAGE BY 
BULGING PREFORMS 
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The Figure depicts the process of bulge-forming. The right side of the 
figure shows a cylindrical preform (upper left part) which becomes an 
ellipsoid (upper right part). The process is shown schematically in the lower 
right part of the figure. Internal pressure at cryogenic temperatures causes 
the preform to yield substantially as it becomes ellipsoidal. A similar 
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TANK BULGING: PREFORMS TO POSTFORMS 
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The Figure outlines some of the material characteristics needed for 
bulge-formed tankage. It also lists some additional reasons why this is a low 
cost fabrication process, and, why the resulting tank is structurally 
efficient. 
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MATERIAL SELECTION CONSIDERATIONS 
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BULGING ECONOMIC OPTIONS 
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SOME POSSIBLE SOLUTIONS FOR ROLL-UP 

TANK PROBLEMS 
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The AOTV vehicles experience aerodynamic heating effects at hypersonic 
velocities in the super-orbital speed regime. In addition to a significant 
convective input from the high energy boundary layer, a considerable radiative 
component may exist (on some AOTV configurations) due to the degree of 
ionization in the boundary layer. Historically, the thermal protection 
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POTENTIALLY ATTRACTIVE ADVANCED 
STRUCTURAL MATERIALS 
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COMPOSITE MATERIALS 
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Some characteristics of four metal matrix materials are described on 
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COMPOSITE MATERIALS (CONT.) 



CO 

LU 

H 

to 

O 

CL 

£ 

O 

o 

X 

x 

H 

< 

£ 

-j 

< 

H 

UJ 


CO 






CO 

CO 

CO 


o 

X 

X 

X 

UJ 


in 

o 


CD 


CO 

00 

00 

< 

It 

11 

II 

II 

H 

D 

=> 

z> 

X 

CO 

H 

h 

h- 

h 

h“ 

LL 

LL 

LL 

LL 

2 

* 

* 

* 


UJ 

CO 

CO 

CO 

CO 

£ 

0. 

0. 

Ql 

Q. 

a. 

CO 

CO 

CO 

© 

O 

o 

o 

o 

o 






LU 

X 

X 

X 

X 

> 

LU 

CO 

CO 

eg 

CO 

Q 

CM 


CM 

CM 


II 

II 

li 

II 

2 

UJ CD 

UJ 

UJ 

LU 

CO 


* 

* 



co c; 

9 O 

2 o 

CO 

2 CD 

CO 

2 CD 

1-3 

> 

© 

“ eg 
GO 6 

— «J 
CO O 

— mJ 
CD © 

^ © 
m o 

O 

-j 

-J LO 

-J LO 

-1 o 

-j s 

o 

co r: 
© w 

© LL 

co ZL 
00 w 

°. u 

eg 

©«* 
^ LL 

£2 ul 

• o 

2 

X 

o 

O o 

O o 

© o 

o © 

UJ 

II ° 

11 o 

II ° 

11 o 

11 © 

II ° 

11 eg 

H 

Q. 00 

Q. 00 

a © 

Q. f- 

co 





UJ 





X 

-J 

< 

2 

O 

CC 

-1 

< 

-J 

< 

K 

D 

o 

D 

X 

o 

CO 

x 

© 

CO 

a 

CO 

H 

CO 


CO 

LU 

x 

D 

h- 

O 

D 

CC 


CO 


h- 

2 

UJ 

o 

LL 


LU 

CC 

O 


UJ 

CO 

D 


CO 

UJ 

cc 


D 

o 


LU 

CC 


• • 



• • t 


Ch 

CNJ 

00 


1590 033(2/2) 



The figure displays some characteristics of advanced aluminum alloys, 
allow 500°F temperatures. Others permit lighter aluminum structures at 


Eu 
OO 
6 o 
O in 
to m 


330 




ADVANCED ALUMINUM ALLOYS 


♦ 


Y 



1590-034(1) 




An analysis was conducted of typical aircraft fuselage structures to 
determine what proportion of the structural weight was designed to the four 
strength criteria shown in the left column of the figure. The right column 
displays the results of this analysis. The vast majority (60%) of weight w 
designed by ultimte tensile and compressive strength. 
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PROJECTED PERFORMANCE OF ADVANCED 
MATERIALS FOR FUSELAGE STRUCTURES 
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The effect of subsystem weight reduction and other performance improvements 
on the AOTV propellant transport cost to LEO have been evaluated and summarized 
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Additional technology advance benefits in the areas of improved 
aerodynamics and GN&C have been identified in the ground based Part I of this 
study and are still considred applicable here. The importance of some of the 
technology issues more nebulous to quantify for the ground based mode, is 
still applicable for the space based mode. 
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TECHNOLOGY AREAS NEEDING SUPPL EMENTAL FUNDING 
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